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By Ralph W. May, Jr., and George L. Stevens 

An investigation has been conducted at a Reynolds rimer of appmxi- 
mately 4,100,000 and Mach m e r  of 0.07 t o  determfne the characteristfcs 
in yaw of a trapezoidal wlng of aspect  ratio 4 with circuLar-arc a i r f o i l  
sections and 0.20-chord rear and drooped-nose flaps - Mea~urements of the 
Hft, the   l a te ra l  force,. the  roll- moment, and the y a m  moment of 
four conflguratians were made through a range of angle of attack at  several 
yaw angles rang- frbm apprnxim&aly -6' t o  18O. 

The eff ective-dihedral parameter 0.f the  baeic wing is practically zero 
below a lift; coefficient of o -4  but Fncreases r a p i w   t o  o .oor6 at maxhm 
lift. The d i rec t imd-s t ab i l i t y  parameter of the basic w3ng is approxi- 
mately -0.00015 and the   l a te ra l - force   parmter  is s a a U .  Deflect- the 
--span rear  flaps 60' essentially does not alter the effective-dihedrd 
chaxacteristics of the basic m, but does fncrease  the  directional eta- 
bility,  especially at high lift coefficients.  Deflecting  the'drooped- 
nose flap 20° produces negative dihearal  effect below a lift coef- 
f ic ient  of about 0.60 mEutirmrm uft coefficient  but, as a result of an 
increased.positive  variation w-ith l i f t  coefficient,  gives a value of 0.0013 
fo r  the effective-dihedral parameter at 0-95 of the mFl.afrmrm lift coef- 
ficient. This almost linear variation, which agrees w e l l  ~Lth the cal-  
c&ted relation and with the vmia t ions  f o r  similar rectmmikc w-ings of 
the same aspect ratio with square t i p s  and conventional round-nose air- 
foils,  probably is the  result  of & more conventional  pressure  distribu- 

. t ion that occurs on this bicanvex a i r f o i l  when the nose is drooped. For 
th i s  drooped-nose condition %e directional  stabil i ty  increases with 
increasing lift coefficient.  Deflecting  the  partial-span rear f l a p  in 
codination with  the drooped-nose flap does not materially change the 
directional  stabil i ty or lateral-force  characteristics of the drooped- 
nose condition  but  reduces  the  positive  variation of dihedral effect  with 
lift coefficient The liFt-curve slope. of the  basfc wfng; (measured at a 
lift coefficient of 0.2) decreases from 0.057 t o  0.046 as the a is 
yawed from OO to 18.23O. 
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2 NACA RM No. -15 

The  aerodynamic  characteristics at Ugh Reynolds nuDibers and low Mach 
nunibere of a trapezoidal. w i n g  of  aspect  ratio 4 with  10-percent-thick 
circular-arc  airfoil  sections have been  Investigated in the Langley full- 
scde tunnel.  The'trapezoidal plan form,  obtained by cutttng  the  rear 
part  of  the  tips aw-ay from a rectangular plan form  at an angle of 30' 
(fig 1) , appears usefi l  in the  completely  supersonic regime for a design 
Mach  number  of 2, since  theoretical  calculations  indicat-e-that,for  this 
condition,  such a wing will have a drag  coefficient no greater than that 
for the airfoil section in two-dimensional  flow  (references 1 and 2). 
Results of the  investigation  of  the maximum lift and staUng character- 
istics  of  the  trapezoidal wing at  zero yaw are given  in  reference 3 and 
the characteristics in yaw are presented  herein. 

Meaaurements  of  the  lift,  the la&mxl. force,  the rolling mmnt, and 
the y a m  moment of  four  configurations  were made through a range of 
aagle of  attack at several yaw e e s  ranging from approximately -6' to 18O. 
The configurations t es ted  in yaw,  which mre selected from the maximum- 

full-span 0.20-chord rear plain flap deflected 60°, the full-sppan  0.20-chord 
drooped-nose flap  deflected 20°, and the partial-span' rear and full-span 

' lift results of reference 1, were  the  basic wing and the wing with  the 

drooped-nose flaps deflected 600 and EOo, respectively, in combination. 

The test  data are presented  as  conventional NACA coefficients of 
forces +d momsnts  referred  to  the standard stability axes. The Y - a x i s  
is ass7-d to lie dong the  quarter-chord line of  the wing a& in the 
plane of the winpT geometric  chord  lines. 
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. 
E flap des l ec t  ion, demes 

S wiw area (232.0 sq ft) 

0 wiw chord (9-23 f t )  

b wing span (30.47 f t )  

A aspect r a t i o  (i2/s) 
Y lateral  force 

L roll ing moment 

9 dynamic pressure 

P maas density of air 

U coefficient of viscosity 

h taper  .ratio 

Subscripts : 

f rear f lap 

f 

I 

L 

I 

6 denotes partial   derivative with respect t o  yaw in 

Clq = 
I 

I 

The model of this  investigation is the same a~,that used in the  tes ts  
of reference 3 -  The geometric c m t e r i s t i c s  of the wiqq, ana the 
&rran€3ement of the  high-lift  devices are shown in figure8 I and 2. Photo- 
graphs of the wing mounted on yaw supports in the Langley full-sca'h 
tunnel are presented ae figure 3 .  The w i n g  has a l-ercent-thick 
biconvex airoil section, the ordinates ,of which  ma^ be found in  
reference 4. The  wing has no geometric t w i s t  or dihedral. 

The 0 . 2 0 ~  drooped-nose flap  tested wae 100-percent span, and the 
partial-span and ful l -span  0 .20~  rear   f laps  were 43 and 95 percent of the 
trailing-edge s p a ,  respectively. Tho rear flaps had a 12-inc'h cut-out at 
the w i n g  center line t o  provide clearance f o r  the rew& support s t i n g  
(figs - 1 and 3 (b) 1 Both the drooped-nose and rear flaps were deflected 
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about hinges on the lower wing surface. In  the flap -deflected  tests 'the 
gap on the wper wing Burface waa sealed  with a faired cover plate. 

The trapezoidal win@; w&8 mounted on two mafn support struts and a 
r ea r   s t ru t  which,  by varying  the  length,  provided a m e m s  of changine; 
d e  of a t t a k .  The full-scale  tunnel and balance  system ueed for the 
tes t s  are described in  reference 5.  

The c m f l m a t i a n s   t e s t e d   i n  yaw  were the  basic wing and three 
flapped  configurations with the  respective  flap  deflections which gave 
the highest nvl.uimum lift for  the tests of reference 1. Those flapzed 
confiaurations were the full-epan rear flap  deflected bo, the full-span 
drooped-nose flap  deflected 20°, and the full"span drooped-nose flap 
deflected !Bo in combination w i t h  the  partial-span  rear  flap  deflected 60°. 

Measurements of the lift, the  lateral   force,   the rolling mmont, and 
the yawing moment were made through an angle -of -attack range of from 
about 0' through the stall at 2' increments,  except near the stall, where 
1' incremnt-s were wed. The basic wing and the  full-span rear f h p  
conftguratiop w e r e  t es ted   a t  approximate- 6' yaw increments from yaw 
anglee of -6 t o  18O, whereaa the remaining canfigurations were tested 
only at approxima,te yaw angles of 0' and *6O t o  obtain  stability parameters. 
Inasmuch as reference 1 indicated  essentially no scale  effect f o r  the 
8ha;rp leading-edge wing, a l l  tes te  were run at a Reynolds number of- 
approximately 4,100,000 corresponding t o  a Mach nuiber of  about 0 -07- 

I 

A l l  da-ba have been corrected  for the wind--tunnel jet-boundary and 
blocking  effects,  the  stream  alinement, and f o r  the  tare drag of'the 
support system. 

The test data of the  bmic wing and of the wing with the f'ulJ"span 
rear f l a p  are presented Fn figure 4. The variations  with l i f t  coef- 
f ic ient  of the  effective  dihedral,  directional s t ab i l i tyy  and side-force 
p a r m t e m  (determined at $ = 0' f r o m  the basic  data) are ehown in 
figure 5 f o r  all the confi&u.ratlaPe investigated. Figure 6 gives  the 
lif% curve8 for various angles of-yaw. 

Lateral  Characteristics of Basic W i n g  

The effective  dihedral of the  basic w-ing (fig.  5(a)) is practically 
zero at; emall ma moderate lift coefficients  but  increases rapidly t o  
0.0016 at C This rapid inoreme of effective dihedral ne= C 

L x  %lax 

, 



5 

c 

is typical of a rectangular w3ng with either conventional o r  sharp 
leadin&edge airfoil   sections.  The dffferance betwoan the effective- 
dFhedral variation a t  lower lift coefficients of the l a i c  trapezoidal 
wing and the  steady  positive  variation with l i f t  coefficient shown in 
references 6 and 7 f o r  rectangular of -simihz Etepect r a t i o  with 
square t i p s  and conventional round leading-edge a i r f o i l a  can probably be 
ascribed  both  to  the  sharp lea- edge of the circular-arc   a i r foi l  and t o  
the cutaway  wedge-shape tip. kpu%liahed data for a similar rectangular 
wing of aspect r a t i o  3 - 4  show a parabolic  increase of C with CL 

and higher C values throughout the C, range than for  the  basic 

trapezoidal wing. The parabolic  variation must be at t r ibuted  to   the 
sharp leading edge and the increase in C2 probably can  be ascribed 

both t o  the lower aspect  ratio and to the difference In t i g  shape. Swept 
wings with c i r c ~ - a x c   a i r f o i l  sections also have been found t o  have 
decldely  different  effective-dihedral  characteristics than geometrfcally 
identical wings wlth conventional  sectiona. The directional-stability 
parameter C, is approximately -0 .mol5 except a t  the stall where it has 

a sharp  negative bIW&j and the  values are low. The bmic data of 
Ilr 

figure 4(aI show a h o a t  linear variatiane of cZ, cn, and % through- 
out the yaw range investigated. 
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The l i f t  -curve slope of the  bmic wing (measured at CL = 0 -2) 
decreases from 0.057 at Oo yaw to 0.046 at 18.25O yaw (fig. 6 ) .  The 
mximmn lift coefficient  decremes from 0.63 t o  0.60 in the yaw range 
Investigated and ala0 occurs at a higher angle of attack, 180 instead 
of 16O, for  the  highest raw angle tested. 

Effect of Flap Deflection on Lateral Characterietics 

Rear flaps - By deflecting  the full-spas rear flap 60° the dihedral 
characteristics of the basic wing are  essentially  duplicated w h e r e i n  C 

values are l o w  below 0 -85, , but  rapidly  increme up t o  0 - 0 O n  

at CL (fig. 5 ( b ) ) =  The variation is practic-  the ~ a m e  as , 
for  the basic wing, but the directional  stakil i ty is greater than that 
f o r  the  basic wing with Cn varyhg f m m  -0.00035 t o  -0.00100 a t  the 

stall. The basic data of figure 4(b) show that the C values masured 

at @ = Oo generally  hold  throughout  the yaw range investigatedj however, 
the slopes of the rollirg-mament and yawing-mcrment curma decmaee at the 
larger yaw -lea. 
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Drooped-nose fl.2.- The  effect of deflecting  the flrll-span drooped- 
nose fIap 20' is  to  give a Mge,  stea~, positive  variation  of C Z ~  ' 

similar mpect rat-io  with square tfps and conventional round-nose air- 
foil  sections.  Eegative-dihedral  effect  is  indicated below a CL of 

increases  positively  at  high  lift  coefficients so 

that  at 0.9% a C value of 0.0013 is  obtained. The negative 

C values  at low lift-coefficients  are  not  very  significant  because 

the  drooped-nose canfimtian probably  would  not be f l o w  at high speeds. 
The generally linear effective-dfhedral  variation  with  lift  coefficient 
can  probqbly be attributed  to  the  fact  that-  drooping  the nose delays t-he 
early  separation a t  the sharp leading edge and thereby  produces a preasure 
distribut-ion  more  like  that  for  conventional  airfoil  sectlow.  Weissinger 
derive8 in  reference 8 an empirical formula for  determining  dihedral  effect 
for the low and moderate  lift-coefficient  range  which,  corrected  to  apply 

with CL (fig. 5(C)) which 16 SimilW to  that  for rectmgCLaz W w  af 

0.9 but ac 
Z P L  

Linax % 
2JI 

to  the t o t 4  w i n g  span, is 57.%- = [ + 0g29(7 ' - 0.10 where K 
% A  X + l  

l e  an ampirical  constant.  Using a K value of 1.56 88 determined  e-eri- 
mentdu in  reference 7, t h e  calculated value of ~ c ~ / / C L  of 0.0017 i s  in 
excellent  agreement  with  the measured value.  Vnpubliahed  data  for a 
elmilax rectangular wing with square  tip8 and aspect  ratio  of 3.4 show that 
the drooped-nose flap and several other l e a d i w d g e  high-lift  devicea that 
delay early leadirqp+Lge separatfon  produce linear positive 
with % which a la0  agree well with  cdculated values of % % P C ,  aa 
determined from Yeissinger' 0 empirical  formula. 

c% variations 

R e a r  and drooped-nose  flaps in conibination. - Deflecting  the  partial- 
sgan rear flap 60° in combfaEbtiou  wtth the ftiU-span drooped-nom flap 20° 
reduoes both l p ~  and C2 coneiderably  below  those  for  the 

configuration  with  the  drooped-nose  flap  alone.  The C2 variation 

with C, is  positive throughout the  entire CL range, however, and 
give0 a c value of 0.0~6 at 0-9g~ (fig. g ( d ) l .  The directional- 

atability and lateral-force  characteri~tics are similar to thoee for  the 
configuration  with  drooped-nose  flap  alone. 
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The 6ignifiCar~t  results of the  investigation of a trapezoiaal  wing 
in yaw at an approximate Reynolds nuaiber of 4,lOO,OOO asd  Mach  number 
Of 0 007 Elax be E-ized as follows: 

.I. .The effective-dihedral  parameter of the basic m i q  is practicaw 
zero below a lift  coefficient of 0 4, but  .Increases  rapidly to 0.0016 at 
maximum lift. The directional-stability  parameter of the  basic wing is 
approximately 4 - O O O l 5  and  the lateral-force parameter is mall. 

. 

2. Deflecting  the f"-span rear flape  essentially does not  alter 
the  effective-dihedral  characteristics of the  basic uing, but does 
Increase  the  directional stability, especially at high  lift coefficimts. 

effect  below a lift  coefficient  of  abouf 0.60 maximum lift coefficient 
but, as a result of as increased positive  variation  with lift coef - 
ficient,  gives a value of 0.0013 f o r  the effective-dFhedral.pter 

which agrees w e l l  with  the  calculated relatim and  with  the  variatione 
for similar rectangular wings of the same aspect  ratio  with square tips 
and conventional round-nose airfoils,  probably is th8 result of a more 
conventional pressure distributian  that occurs on this  bicanvex  air- 
foil when the nose is drooped. For this boped-nose condition the 
directional  stability  increases  with increasing lift  coefficients. 
Deflecting  the  partial-span rear f lap  in cmbination with the  drooped- 
nose flap does not  materially  change  the  directional-stability  or 
lateral-force  characteristics of the drooped-nose  condition, but reduces 
the  positive  variation of dfhedral effect wfth lift  coefficient. 

3-  Deflecting  the  drooped-nose f l a  20' produces  negative dihedral 

at 0-95 O f  the mn.ri.rmrm l i f t  C08ffiCimt. W S  -St Variation, 

4. The 1ift"curve slope of the  basfc wing (meaeured at a l i f t  coef- 
ficient of 0.2) decreases From 0.057 to 0.046 as the wing is yawed from 
00 to 18.250. 

Langley Aeronautical Laboratow 
Rational Advisory  Committee for Aeronautics 

Langley Field, Va. 
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Flgure 1.- Geometric  characteristics of trapezoidal wing. A l l  dimensions 
are given in inches. 
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Figure 2.- Ten-percent--thick biconvex airfoil section showing arrangement of 
drooped-nose and rear flaps. 



(a) Basic wing, \t = 0’. 

Figure 3.- Photographs of the trapezoidal wing mounted in the Langley full-scale tunnel.. r 
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(b) B f  = 60'; = 18.25'. 

Figure 3.- Concluded. 
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(b) *ffull span 
= SO0; 6, = 0'. 

Figure 4. - Concluded. 
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(a) Basic wing. 
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Figure 5.- Concluded. w 
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Figure 6.-' Effect of yaw on lift of basic trapezoidal wing. 
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